Sturgis LC, Cannon JG, Schreihofer DA, and Brands MW. The role of aldosterone in mediating the dependence of angiotensin hypertension on IL-6. Am J Physiol Regul Integr Comp Physiol 297: R1742-R1748, 2009. First published October 7, 2009 doi:10.1152/ajpregu.90995.2008.-Knockout (KO) of IL-6 has been shown to attenuate ANG II hypertension, and mineralocorticoid receptors (MR) have been reported to contribute to the increase in IL-6 during acute ANG II infusion. This study determined whether that MR action is sustained with chronic ANG II infusion and whether it plays a role in mediating ANG II hypertension. ANG II infusion (90 ng/min) increased plasma IL-6 from 1.6 Ϯ 0.6 to 22.7 Ϯ 2.2 and 19.9 Ϯ 3.2 pg/ml on days 7 and 14, respectively, and chronic MR blockade with spironolactone attenuated that only at day 7 (7.2 Ϯ 2.2 pg/ml). ANG II increased MAP (19 h/day with telemetry) ϳ40 mmHg, but in ANG IIϩspironolactone mice (25 or 50 mg⅐kg Ϫ1 ⅐day
), mean arterial pressure (MAP) was not significantly different despite a tendency for lower pressure the first 6 days. To isolate further the mineralocorticoid link to IL-6 and blood pressure, DOCA-salt hypertension was induced in IL-6 KO and wild-type (WT) mice. Plasma IL-6 increased from 4.1 Ϯ 1.7 to 34.5 Ϯ 7.0 pg/ml by day 7 of DOCA treatment in the WT mice but was back to control levels by day 14. An IL-6 bioassay using the murine B9, B-cell hybridoma cell line demonstrated that plasma IL-6 measurements reflected actual IL-6 bioactivity. The hypertension was not different and virtually superimposable in WT vs. IL-6 KO mice, averaging 145 Ϯ 2 and 144 Ϯ 3 mmHg, respectively. Both experiments confirm chronic stimulation of IL-6 by mineralocorticoids but show that it is transient. In addition, IL-6 was not required for mineralocorticoid hypertension. This suggests that aldosterone contributes to the increase in plasma IL-6 in the early stage of ANG II hypertension but that the blood pressure actions of IL-6 in that model are linked most likely to ANG II rather than aldosterone. angiotensin II; bioactivity INFLAMMATORY CYTOKINES HAVE been implicated in the etiology of cardiovascular disease at many levels, ranging from the initiation of the atherosclerotic process (6, 10) to the progression of end-organ injury (25, 26, 39) . Cytokines and markers of inflammation also have shown a strong correlation with hypertension in human studies (2, 4, 7, 16, 23, 33, 38, 40) . Guzik et al. (13) recently have shown that generalized loss of T cell-mediated inflammatory processes significantly attenuates angiotensin II (ANG II) hypertension, and our laboratory (22) and Coles et al. (9) have reported that ANG II hypertension in mice is dependent significantly on IL-6. The mechanism for that effect of IL-6 is not known, but Luther et al. (24) reported that the mineralocorticoid receptor antagonist, spironolactone, prevented the increase in plasma IL-6 concentration caused by acute ANG II infusion, suggesting a potential role for aldosterone in linking IL-6 to chronic ANG II hypertension.
We tested this potential role of aldosterone in this study by inducing chronic ANG II hypertension in wild-type (WT) mice, with or without chronic treatment with spironolactone. However, if plasma IL-6 concentration and blood pressure both decreased in the ANG IIϩspironolactone mice, we would not be able to tell whether the drop in blood pressure was due to an IL-6-dependent blood pressure action of ANG II at the AT1 receptor or to an IL-6-dependent blood pressure action of aldosterone at the mineralocorticoid receptor, or both. Therefore, to isolate further the mineralocorticoid link to IL-6 and blood pressure, DOCA-salt hypertension was induced in IL-6 knockout (KO) and WT mice. The results of both experiments together are needed to determine how a mineralocorticoid-IL-6 link may or may not contribute to the dependence of ANG II hypertension on IL-6.
In addition to testing those relationships, this study determined the link between plasma IL-6 and bioactivity in hypertension. This is a critical issue for IL-6, because the IL-6 receptor can be tissue bound or soluble in the plasma (14, 15, 19, 32, 34) . Moreover, certain stimuli, such as IL-1␤ and TNF-␣, can increase the plasma levels of the soluble receptor (11) . The ramifications of that effect are that plasma IL-6 bioactivity can change significantly independent of a change in plasma IL-6 concentration, and changes in plasma IL-6 concentration may not accurately reflect changes in IL-6 bioactivity (34, 37) . However, the relationship between plasma IL-6 concentration and actual plasma IL-6 bioactivity has not been tested in any model of hypertension. We addressed this by coupling an IL-6 bioactivity assay with our IL-6 enzyme immunoassay to determine the link between circulating IL-6 levels and IL-6 bioactivity.
METHODS

Role of Aldosterone in the IL-6 and Blood Pressure Responses in ANG II Hypertension
Procedures involving animals were approved by the Animal Care and Use Committee of the Medical College of Georgia. The experiments were conducted in 12-to 14-wk-old (27-30 g) male mice (C57BL/6J, Jackson Laboratories, Bar Harbor, ME). The animals were anesthetized using isoflurane, and biotelemetry transmitter devices (PA-C10, Data Sciences, St. Paul, MN) were implanted using aseptic technique. The catheter was implanted in the left carotid artery through an incision in the vessel wall made with a custom-shaped 25-gauge needle. The transmitter body was tunneled subcutaneously above the right shoulder and secured above the scapula. All incisions were infiltrated with Marcaine, and mice were given buprenorphine subcutaneously and placed in warmed plastic cages lined with sterile paper to recover following surgery. Mice were transferred to a lightand temperature-controlled room in the animal facilities and were housed individually in standard mouse cages with tap water and standard rodent chow available ad libitum. They were given 5-7 days to recover from surgery before control measurements were made.
Experimental protocol. During the control period, all groups received 100 mg of peanut butter per day along with their rodent chow (4% NaCl), because it served as the vehicle for spironolactone administration. By the 3rd control day, the mice were eating the entire 100 mg every day. After 4 days of control measurements, mice were assigned randomly to vehicle, ANG II, or ANG IIϩspironolactone treatment (low and high dose) groups, and the ANG II groups had a 14-day osmotic minipump (Alzet, Durect, Cupertino, CA) implanted subcutaneously to infuse ANG II at a dose of 90 ng/min (22) . The spironolactone mice also began receiving spironolactone (low: 25 mg⅐kg Ϫ1 ⅐day
Ϫ1
, high: 50 mg⅐kg Ϫ1 ⅐day
) in their peanut butter at that time. Blood samples for cytokine assays were drawn from subgroups of isoflurane-anesthetized ANG II and ANG IIϩSpir (low dose only) mice on day 7 of the treatment period using tapered PE-50 catheters placed in the left carotid artery. The remainder of those mice along with the vehicle mice had blood samples taken at day 14.
Role of IL-6 in Mineralocorticoid Hypertension: DOCA Treatment in IL-6 Knockout Mice
These experiments were conducted in 12-to 14-wk-old (27-30 g) male IL-6 KO mice (B6.129S6-Il6 tm1Kopf , Jackson Laboratories) and their wild-type (WT) controls. Transmitters were implanted as described above, and the left kidney was removed from all mice through a flank incision during the same surgical procedure. The same housing and recovery period methods as noted above were followed.
Experimental protocol. Animals were divided randomly into four groups: WT, IL-6 KO, WTϩDOCA, and IL-6 KOϩDOCA. After 4 days of control hemodynamic measurements, the DOCA animals were anesthetized briefly with isoflurane for subcutaneous implantation of a silicone rubber sheet containing DOCA using the method of Ormsbee and Ryan (29) , at a dose established for mice [1 mg per 1 gram body wt (31)] using a silicone to DOCA ratio of 2:1. Although more than the 0.2 mg/g (200 mg/kg) dose typically used with this method in rats (3), it is lower than the ϳ8 mg/g (200 mg/mouse) dose recently employed to study vascular inflammation in mice (20) . All mice were started on a drinking solution of 1% NaCl and 0.2% KCl made with tap water for the 14-day treatment period. Blood samples for cytokine assays were drawn from subgroups of WT mice on day 7 of the treatment period as described above, and the remainder of the mice had blood samples taken at day 14. Blood samples also were drawn from randomly selected IL-6 KO mice to verify knockout of IL-6 and to provide another control for the IL-6 assays.
Analytical Methods
Plasma IL-6. Plasma IL-6 concentrations were measured by enzyme immunoassay (R&D Systems, Minneapolis, MN) from terminal carotid artery blood samples, obtained from separate groups, on days 7 and 14 of DOCA and ANG II treatment. For each study, animals from every group were included on each assay plate to control for interassay variability.
IL-6 bioactivity assay. Cells from the murine B9, B-cell hybridoma, cell line (Dr. L. Aarden, Netherlands Red Cross Blood Transfusion Service, Amsterdam, The Netherlands) require IL-6 for survival and proliferation in vitro and have been shown to respond to murine and rat IL-6 (1, 30). The cells were grown in RPMI 1640 supplemented with 10% heat-inactivated FBS, 50 M 2-mercaptoethanol (2-ME), 2 mM glutamine, antibiotics, and 100 pg/ml recombinant mouse IL-6 (R&D systems) (1, 27, 35) . The saturated cultures were split 1:3 every 2-3 days at a density of 5 ϫ 105 cells/ml.
For assay of plasma IL-6 bioactivity, plasma aliquots were thawed, heated at 57°C for 30 min to inactivate nonspecific cytotoxic factors in serum, and centrifuged for 15 min. Seven dilutions of each plasma sample were made to make sure our samples would fall on the linear portion of the standard curve, and 50 l aliquots were added in triplicate on a 96-well plate. The standard curve was constructed using serial twofold dilutions of recombinant mouse IL-6 (R&D Systems) from 500 to 0.015 pg/ml, with 50-l aliquots added to the plate in triplicate. All dilutions were made using RPMI 1640 without phenol red supplemented with 10% FBS, 50 M 2-ME, 2 mM glutamine, and antibiotics (assay medium). The plate-containing samples and standards was equilibrated at 37°C in a humidified, 5% CO 2 atmosphere, while the cells were harvested for the assay.
The cells were harvested and washed three times in assay medium by centrifugation at 300 g for 5 min. The cell number and trypan blue viability were determined, and the cells were resuspended at a final concentration of 1 ϫ 10 5 cells/ml in assay medium. Fifty microliters of the cell suspension (5,000 cells) were dispensed into each well of the plate bringing the total fluid volume to 100 l per well. The plate then was incubated for 72 h at 37°C in a humidified, 5% CO 2 atmosphere (27) . After 66 h, 20 l of Cell Titer 96 Aqueous One Solution Reagent (Promega-MTS, Madison, WI) was added to each well. The plate then was incubated for 6 h at 37°C in a humidified, 5% CO 2 atmosphere, and the absorbance at 490 nM was measured.
Blood pressure measurement. Mouse cages were placed individually on Data Sciences receivers, and pulsatile arterial pressure was recorded from 1500 to 1000 (i.e., 19 h) each day. Analog signals from the transmitters were sampled for 5 s every 1-2 min at 500 Hz, and the average of those measurements was recorded as the daily mean arterial pressure for each animal.
Statistical analysis. Data were analyzed with a two-factor, repeatedmeasures ANOVA. Significant F-test from the ANOVA at P Ͻ 0.05 was followed by post hoc comparisons using the Newman-Keuls multiple range test. Figure 1 shows that plasma IL-6 concentration increased significantly during ANG II infusion, consistent with our previous report (22) , averaging 22.7 Ϯ 2.2 and 19.9 Ϯ 3.2 pg/ml on days 7 and 14 of ANG II infusion, respectively. Moreover, spironolactone decreased that response significantly at day 7 in the low-dose group, even though plasma IL-6 still was significantly greater than control mice. By day 14, however, plasma IL-6 in neither spironolactone group was different from the 14-day ANG II group, and both were significantly different from the 7-day ANG IIϩspironolactone group. This shows that spironolactone caused a significant, but transient, attenuation of the increase in plasma IL-6 in ANG II hypertension. Figure 2 shows that mean arterial pressure increased significantly during 14 days of ANG II treatment in all groups. Although there appeared to be a tendency for MAP to be lower in the two ANG IIϩspironolactone groups during the 1st wk, there were no statistically significant between-group differences.
RESULTS
Spironolactone Treatment in ANG II Hypertension
DOCA-Salt Hypertension in WT and IL-6 KO Mice
Mean arterial pressure was not different between groups during the control period, averaging 117 Ϯ 2 and 119 Ϯ 2 mmHg in the WT and IL-6 KO mice, respectively (Fig. 3) . The salt drinking solution of 1% NaCl and 0.2% KCl alone did not change blood pressure in the control WT or IL-6 KO mice, averaging 116 Ϯ 2 and 117 Ϯ 3 mmHg, respectively. DOCAsalt treatment, however, had a significant hypertensive effect. Blood pressure increased steadily for the first 6 days, and it began to plateau on day 6 at an average of 145 Ϯ 2 and 144 Ϯ 3 mmHg in WT and IL-6 KO mice, respectively. There was no difference in mean arterial pressure between the two groups at any time during DOCA-salt treatment.
Plasma IL-6 concentration averaged 4.1 Ϯ 1.7 pg/ml in WT mice during the control period and increased to an average of 34.5 Ϯ 7.0 pg/ml after 1 wk of DOCA treatment (Fig. 4A) . However, that response was transient, because after 2 wk of DOCA treatment, the plasma IL-6 concentration was back down to control levels at an average of 1.8 Ϯ 1.0 pg/ml. Duplicate samples from those mice and mice from the first experiment ( Fig. 1) were reassayed on the same plates to verify the sustained IL-6 increase in ANG II-treated mice compared with the transient increase in DOCA-salt-treated mice. In addition, our bioactivity assay revealed that plasma IL-6 bioactivity paralleled plasma IL-6 concentration. Reported as optical density (OD), the plasma IL-6 bioactivity for DOCA control mice averaged 0.061 Ϯ 0.005, increased significantly to an average of 0.291 Ϯ 0.066 on day 7 of DOCA treatment, and returned to levels not different from control on day 14 of DOCA treatment (Fig. 4B) .
DISCUSSION
These results extend the observation of Luther et al. (24) by showing that the effect of spironolactone to attenuate the increase in plasma IL-6 concentration during ANG II hypertension was maintained for ϳ1 wk before waning. We also showed that DOCA treatment had a transient (ϳ1 wk) effect to increase plasma IL-6 concentration, so together, these data suggest that aldosterone contributes significantly to the increase in plasma IL-6 that occurs during the early stage of ANG II hypertension (9, 22) . The results from DOCA treatment in IL-6 KO mice also show that mineralocorticoid hypertension does not require IL-6, which suggests that any increase in aldosterone caused by chronic ANG II infusion would not have its own IL-6-dependent blood pressure action. Therefore, on the basis of these and previous findings, we hypothesize that aldosterone could play a transient role in the Fig. 1 . Plasma IL-6 concentrations for control mice with saline minipumps (control), ANG II, and ANG IIϩSpironolactone (ANG IIϩLSpir or HSpir for 25 and 50 mg ⅐ kg Ϫ1 ⅐ day Ϫ1 Spir doses, respectively) mice on days 7 and 14 of ANG II treatment. *P Ͻ 0.05 compared with control. #P Ͻ 0.05 between ANG II and ANG IIϩSpir on that day. Fig. 2 . Mean arterial pressure in WT mice with ANG II treatment (ᮀ, n ϭ 7) and WT mice with ANG IIϩSpironolactone (LSpir, 25 mg ⅐ kg Ϫ1 ⅐ day Ϫ1 , closed squares, n ϭ 11; HSpir, 50 mg ⅐ kg Ϫ1 ⅐ day
Ϫ1
, shaded circles, n ϭ 6) during the last 2 days of a run-in control period (C), 4 days of peanut butter vehicle feeding (PB), and 14 days of treatment (T) with spironolactone.
dependence of ANG II hypertension on IL-6 through an effect to increase plasma IL-6 concentration (Fig. 5) .
Our laboratory reported that ANG II-salt hypertension was attenuated significantly in IL-6 KO mice, and it was particularly important that the different blood pressure response to ANG II in KO vs. WT mice was evident early and was independent of renal injury (22) . Those findings suggested that IL-6 played a significant role in the physiological mechanism(s) that underlie the hypertensive actions of ANG II. The ANG II dose (90 ng/min), the same as in the present study, was high, however, calculating out to roughly 3.5 times the dose of 1,000 ng ⅐kg Ϫ1 ⅐min Ϫ1 that the laboratory of Welch and colleagues (18) showed took 3 days to increase blood pressure, but the rapid elevation at day 1 likely isolates vascular actions of ANG II. Nonetheless, it is important that Coles et al. (9) recently confirmed our findings at a lower dose (ϳ22 ng/min or ϳ 800 ng ⅐kg Ϫ1 ⅐min
) with an elegant study that showed significant attenuation of ANG II hypertension either by IL-6 KO or by blocking IL-6 binding to target tissues with injection of soluble gp130 (IL-6␤-receptor subunit), which prevents normal coupling of the IL-6-␣-receptor subunit complex to the membrane-bound gp130 subunits required for signaling. In addition, those authors measured this effect of IL-6 in mice that were on normal, rather than 4%, salt intake. With this evidence that ANG II hypertension depends significantly on IL-6, the next task was to determine which components of the physiological response to ANG II are responsible for that relationship.
Plasma IL-6
We focused on aldosterone because of its undeniable importance in the renin-angiotensin-aldosterone system for chronic blood pressure control and because Luther et al. (24) recently used spironolactone to demonstrate that the increase in plasma IL-6 measured during a 3-h ANG II infusion in human subjects required aldosterone. That suggested that aldosterone could contribute to ANG II hypertension not only through classic mineralocorticoid receptor mechanisms, but also by contributing to the increase in plasma IL-6. Our data provide additional support for that, by demonstrating that the increase in plasma IL-6 concentration during chronic ANG II hypertension was attenuated significantly by spironolactone treatment. It should be noted that Luther et al. reported complete blockade of the increase in IL-6 with spironolactone, whereas we did not (Fig.  1) . It is possible that the acute (3 h) vs. chronic (14 days) nature of the respective experiments, and the much greater increase in plasma IL-6 caused by chronic ANG II infusion in the present study, may explain the different effects of spironolactone on IL-6. In addition, ANG II has been shown to stimulate IL-6 release directly from several tissues (5, 12, 21, 24, 36) , so it is unlikely that the more than eight-fold increase in IL-6 that we measured during chronic ANG II infusion would have been blocked completely even by a higher dose of spironolactone. Therefore, regardless of the magnitude, these results provide evidence that the increase in plasma IL-6 in chronic ANG II hypertension is dependent significantly on aldosterone.
Another important finding, however, is that the effect of spironolactone proved to be transient, waning in week 2, even in mice with a twofold higher spironolactone dose. The mechanism for that effect is not known, but it was corroborated by the DOCA-treated WT mice, in which plasma IL-6 increased during week one of DOCA before returning to control levels during week 2. Thus, the effect of aldosterone during chronic ANG II infusion and the effect of chronic DOCA treatment both were shown to cause transient, i.e., ϳ1-wk, increases in plasma IL-6 concentration.
It is important to note the implications of our IL-6 bioactivity data in this regard, because plasma levels of soluble IL-6 receptor (sIL-6R) or gp130 can increase or decrease IL-6 bioactivity independent of a change in plasma IL-6 concentration. The effect of sIL-6R on IL-6 bioactivity is a process called trans-signaling, which involves binding of a circulating IL-6/IL-6R complex with gp130 (also known as IL-6 receptor ␤ subunit) that is ubiquitously expressed (34, 37) . This means that IL-6 can act more readily in tissues that do not express IL-6R, and Coles et al. (9) reported that the chronic hypertensive action of ANG II is dependent on this mechanism. In fact, they did not measure an increase in plasma IL-6 at their lower dose of ANG II infusion in WT mice, yet knockout of IL-6 and blockade of sIL-6R each were effective in attenuating ANG II hypertension. Thus, if sIL-6R had increased by day 14 in the DOCA-salt WT mice, IL-6 bioactivity could have been maintained at an elevated level even though plasma IL-6 concentration decreased. However, our data in the DOCA-treated mice showed that plasma IL-6 concentration reflected IL-6 bioactivity, indicating that, not only did plasma IL-6 concentration decrease to control levels during week 2, but, indeed, IL-6 bioactivity in the 2nd wk of DOCA was not different from control levels.
Arterial Pressure
Luther et al. (24) did not measure an effect of spironolactone on blood pressure, which we initially believed may have been because their study was only 3 h in duration, but we also did not measure a significant blood pressure-lowering effect of spironolactone despite 14 days of ANG II treatment. This is consistent with previous chronic studies in mice (8, 17, 28) . However, on the basis of our hypothesis that IL-6 plays a significant role in chronic ANG II hypertension, it could appear problematic that the significant decrease in plasma IL-6 during week 1 in the ANG IIϩspironolactone mice did not cause a statistically significant decrease in MAP. On the other hand, even complete knockout of IL-6 did not completely block ANG II hypertension (9, 22) , and, at most, could be shown to account for roughly 50% of the hypertension. A threshold effect of IL-6 on ANG II hypertension has not been established, and it is possible that the statistically significant increase in plasma IL-6 at week 1 in the ANG IIϩspironolactone mice, although significantly lower than the ANG II mice without spironolactone, was sufficient to contribute to ANG II hypertension. It also is worth noting that even though there was not a statistically significant blood pressure effect of spironolactone, there appeared to be a tendency for lower blood pressure during the 1st wk of ANG IIϩspironolactone in both the low-and high-dose spironolactone groups (Fig. 2) , and it is interesting that it coincided with the period in which plasma IL-6 concentration was most mineralocorticoid dependent, whether looking at the effect of spironolactone (Fig. 1) or DOCA (Fig. 4) . Thus, we might attribute the apparent trend for decreased MAP in week 1 to the transient decrease in plasma IL-6.
Nevertheless, MAP between the ANG II and ANG IIϩspironolactone groups was not significantly different, but although those data suggest that aldosterone is not a major contributor to overall ANG II hypertension in this model, it remains possible that aldosterone needs IL-6 for full development of its own hypertensive action. In fact, Guzik et al. (13) showed that loss of T cells also ameliorates mineralocorticoid hypertension. However, that possibility cannot be evaluated in the ANG IIϩspironolactone experiment because IL-6 remained significantly increased from control levels even on day 7. This is why we used IL-6 knockout mice to test the role of IL-6 in mineralocorticoid hypertension, using the DOCA-salt model as did Guzik et al. (13) . Figure 3 shows very clearly that there is no requirement for IL-6 in mineralocorticoid hypertension. Thus, although the DOCA-salt model is not exactly the same as aldosterone elevations during ANG II infusion, these data strongly suggest that in ANG II hypertension, any contribution that aldosterone itself might, or could, have on blood pressure is not IL-6 dependent. However, the absence of an IL-6 effect on blood pressure in DOCA-salt hypertension despite the large stimulation of IL-6 by DOCA may raise a question of whether any model of hypertension actually is IL-6 dependent. We interpret the significant effect of IL-6 KO (9, 21) and blockade of IL-6 trans-signaling (9) to attenuate ANG II hypertension, plus the failure of IL-6 KO to attenuate DOCA-salt hypertension, to mean that chronic IL-6 blood pressure actions require interaction with ANG II at its target sites.
These results, therefore, confirm and extend the findings from Luther et al. (24) by suggesting that mineralocorticoids contribute to the increased IL-6 in ANG II-dependent hypertension, but also suggest that blood pressure response in ANG II hypertension is due to interaction between IL-6 and ANG II rather than to mineralocorticoid receptor-mediated effects. This is important, because it increases the focus and rationale for studying the specific AT1-receptor and cell signaling path-ways that link IL-6 to the blood pressure actions of ANG II. In the overall scheme of the renin-angiotensin-aldosterone system, these findings suggest that if aldosterone contributes to the IL-6 dependence of ANG II hypertension, it most likely would be through an effect to help stimulate an early rise in plasma IL-6 concentration.
Perspectives and Significance
The report that loss of T cells ameliorates both ANG II and DOCA hypertension (13) , whereas these data show that IL-6 knockout ameliorates only ANG II hypertension, reinforces the need to understand the multitude of potential mechanisms that can be lumped together under the umbrella of "inflammatory mechanisms for hypertension." Moreover, it is critical to appreciate that "inflammatory mechanisms" should not uniformly invoke overt tissue injury as a factor underlying chronic blood pressure effects. In fact, the effect of IL-6 knockout or blockade to ameliorate ANG II hypertension is evident within days (9, 22) yet has no effect on proteinuria or the return to normal blood pressure after a 14-day ANG II infusion is stopped (22) . Therefore, the present results focus future studies on mechanisms linking IL-6 to AT 1 -mediated increases in blood pressure, but we believe that focus should be narrowed further to studying specifically how ANG II chronically affects renal and vascular function in an IL-6-dependent manner.
